Angiotensin II-stimulated secretion by adrenal glomerulosa cells and contraction by vascular smooth muscle (VSM) are dependent on calcium influx through membrane calcium channels. We have examined the hypothesis that the altered responsiveness of adrenal glomerulosa cells and VSM to angiotensin II during NaCl restriction may be associated with a change in membrane calcium channel number. To test this hypothesis, female rats were placed on a high or low NaCl diet. On the 14th day, membranes were prepared from the zona glomerulosa, aorta, mesenteric artery, and uterus. I3HNitrendipine binding was used to monitor calcium channel number. The PHlnitrendipine binding capacity was observed to be higher in the zona glomerulosa during NaCl restriction than during high NaCl intake (83±18 vs. 49±9 fmol/mg protein, P < 0.025, n = 6 paired experiments). The binding capacities of 13Hlnitrendipine on the low and high NaCl diet were similar in the mesenteric artery (10±1 vs. 9±1 fmol/mg protein, n = 8), aorta (33±5 vs. 35±8 fmol/mg protein, n = 5), or uterus (87±15 vs. 85±16 fmol/mg protein, n = 4), respectively. The dissociation constants of PHInitrendipine binding did not differ on a low or high NaCl intake in the zona glomerulosa (0.84±.12 vs. 0.79±.10 nM), mesenteric artery (0.82±.06 vs. 83±.05 nM), aorta (0.90±.11 vs. 0.92±.12 nM), or uterus (0.55±.12 vs. 0.56±.10 nM), respectively. We conclude that the blunted response of VSM to angiotensin II during NaCI restriction is best explained by the previously reported lower number of angiotensin II receptors since calcium channel number does not change. In the adrenal glomerulosa cell, NaCl restriction is associated with a higher number of membrane calcium channels and angiotensin II receptors. The increase in calcium channel number may reflect the influence of an unknown factor(s) believed to be necessary for the full expression of the adrenal glomerulosa cell response to NaCl restriction.
Angiotensin II-stimulated secretion by adrenal glomerulosa cells and contraction by vascular smooth muscle (VSM) are dependent on calcium influx through membrane calcium channels. We have examined the hypothesis that the altered responsiveness of adrenal glomerulosa cells and VSM to angiotensin II during NaCl restriction may be associated with a change in membrane calcium channel number. To test this hypothesis, female rats were placed on a high or low NaCl diet. On the 14th day, membranes were prepared from the zona glomerulosa, aorta, mesenteric artery, and uterus. I3HNitrendipine binding was used to monitor calcium channel number. The PHlnitrendipine binding capacity was observed to be higher in the zona glomerulosa during NaCl restriction than during high NaCl intake (83±18 vs. 49±9 fmol/mg protein, P < 0.025, n = 6 paired experiments). The binding capacities of 13Hlnitrendipine on the low and high NaCl diet were similar in the mesenteric artery (10±1 vs. 9±1 fmol/mg protein, n = 8), aorta (33±5 vs. 35±8 fmol/mg protein, n = 5), or uterus (87±15 vs. 85±16 fmol/mg protein, n = 4), respectively. The dissociation constants of PHInitrendipine binding did not differ on a low or high NaCl intake in the zona glomerulosa (0.84±.12 vs. 0.79±.10 nM), mesenteric artery (0.82±.06 vs. 83±.05 nM), aorta (0.90±.11 vs. 0.92±.12 nM), or uterus (0.55±.12 vs. 0.56±.10 nM), respectively. We conclude that the blunted response of VSM to angiotensin II during NaCI restriction is best explained by the previously reported lower number of angiotensin II receptors since calcium channel number does not change. Inin the diet, aldosterone secretion is enhanced (1) (2) (3) (4) (5) (6) (7) . This increase in aldosterone secretion by the adrenal glomerulosa cell is associated with an increase in membrane-bound angiotensin II, suggesting an increase in angiotensin II receptor number (8) . Reciprocal events occur in vascular smooth muscle during NaCl restriction where the pressor response to angiotensin II is blunted, which is associated with a fall in angiotensin II binding to vascular smooth muscle membranes (1) (2) (3) 9) . The lower angiotensin II binding during NaCl restriction in vascular smooth muscle is also mirrored in uterine smooth muscle (10) .
Angiotensin II-stimulated aldosterone secretion and vascular smooth muscle contraction are inhibited by calcium channel antagonists, suggesting that calcium influx through the calcium channel is a necessary element of the angiotensin II stimulatory signal (11) (12) (13) (14) (15) . This observation suggests that tissue responsiveness to angiotensin II may be modulated by changes in membrane calcium channel number as well as angiotensin II receptor number. The present study was designed to examine the hypothesis that the altered responsiveness of the adrenal glomerulosa cell and vascular smooth muscle to angiotensin II during NaCl restriction is associated with a change in membrane calcium channel number. Thus, the number of calcium channels may be higher in the adrenal glomerulosa cell, and lower in vascular smooth muscle during NaCl restriction. This hypothesis was tested by examining binding ofthe dihydropyridine calcium channel antagonist [3H] nitrendipine to rat adrenal glomerulosa cells, aorta, mesenteric artery, and uterine smooth muscle.
Methods
Tissue preparation. Female Sprague-Dawley rats, weight 200-225 g, were fed a low NaCl diet (<0.1% sodium and 0.5% chloride; ICN Nutritional Biochemicals, Cleveland, OH) and were given deionized water or NaCI 0.9% as drinking water. Rats given deionized drinking water are designated as the low NaCl diet group and rats given NaCI 0.9% drinking water as the high NaCl diet group. On the 14th day of the diet, 18 animals from each group were killed by decapitation. Blood was collected from the stump for measurement of aldosterone and corticosterone. Several animals from each group were anesthetized with ether, and blood was drawn from the inferior vena cava only for measurement of serum sodium and potassium. 18 aortas, 18 mesenteric arteries, 10 uteri, or 36 adrenal glands were harvested from each group and placed in a homogenizing buffer (sucrose, 250 mM; Tris, 50 mM, pH 7.4) on ice. The aortas were cleaned of adhering tissue and the serosa was stripped from each uterus. Mesenteric arteries were prepared as previously described (16) . Briefly, the main trunk of the mesenteric vein was stripped away from the artery in situ. The mesenteric artery was removed and adhering fat and remaining mesenteric vein were scraped free. Residual fat was removed using a loose-fitting, 9-ml glass-Teflon homogenizer set at the slowest turning speed. The adrenals were cleaned of adhering fat, bivalved, and the capsules containing the zona glomerulosa were stripped from the remainder of the gland. Aortic tissue in 9 ml of buffer and uterine tissue in 9 ml were homogenized by four 15-s bursts with a polytron set at maximal speed. Mesenteric arteries in 9 ml were homogenized with the polytron set at 60% of maximal speed for five 15-s bursts followed by five 15-s bursts at a speed setting of 80%. Adrenal capsules were homogenized with a tight-fitting, 9 Alexander Scriabine, Miles Laboratories, Inc., New Haven, CT). The ligand buffer consisted of 100 mM Tris (pH 7.4) and 0.2% albumin. Adding albumin prevented ligand adsorption to glass and plastic, which in its absence was -10% for glass and 25% for plastic. The ligand in a 200-,ul vol was added to 200 ul of the membrane preparation for a total incubate volume of 400 ,l. The amounts of protein used for each binding assay for low and high NaCl diets were 87±8 and 97±8; 95±6 and 93+9; 69± 10 and 61±13; and 80±1 1 and 90±15 Mg for adrenal capsular, aortic, uterine, and mesenteric artery membrane fractions, respectively. The samples were incubated in 12 X 75-mm polypropylene tubes for 60 min at 22°C, in a dimly lit room, since nitrendipine is reported to undergo 50% degradation in 7 h under fluorescent lights. Degradation of [3H] nitrendipine was <2% when incubated with glomerulosa cell membranes in the presence or absence of unlabeled nitrendipine for 60 min as determined by high performance liquid chromatography. Bound and free ligand were separated by filtration through a 13-mm glass fiber filter (Schleicher and Schuell, Inc., Keene, NH). Filters were washed with 12 ml of buffer containing Tris 50 mM (pH 7.4) and albumin 0.1%, and allowed to air dry. Aqueous counting scintillant (Amersham Corp., Arlington Heights, IL) was added and the radioactivity of each sample was quantitated with a beta counter (Beckman Instruments, Inc., Fullerton, CA). Nonspecific binding as a percent of specific binding was 20, 200, 170, and 7% for zona glomerulosa, mesenteric artery, aorta and uterine membranes.
'25I-Angiotensin II binding studies. Uterine and adrenal capsular tissue were prepared as described above. Tissues were homogenized in a buffer containing 50 mM Tris (pH 7.4), 2 mM EDTA, and 250 mM sucrose. The '251-angiotensin II binding assays were performed as previously de- 
Results
After 14 d, serum sodium and potassium were similar in rats on a high or low NaCl diet (Table I) . As expected, plasma aldosterone was significantly higher (P < 0.001) in rats on the low NaCl diet (269±54 ng/dl) than those on a high NaCl diet (39±5 ng/dl). Plasma corticosterone measurements were similar in each group. On the low and high NaCl diets, the rats gained 21±3 and 19±2 g/14 d (n = 23) and ate 6.1±.2 and 6.0±.2 g/100 g body weight of food per day (n = 12), respectively.
In Fig. 1 (25) (26) (27) . In Fig. 2 is il- Fig. 3 .
In Table II [3H] nitrendipine to rat adrenal zona glomerulosa membranes obtained from rats on a normal NaCl diet. Binding was examined as described in Fig. I (12) . Calcium influx and aldosterone secretion are both inhibited by blockade of the calcium channels (11) (12) (13) (14) . Also, the rise in cytosolic calcium that occurs with angiotensin II stimulation of the glomerulosa cell is markedly blunted by nifedipine and is associated with a limited aldosterone secretory response (14) . Thus, these observations suggest that the calcium channel is an essential and integral part of the angiotensin II stimulatory pathway. (35) . Under normal physiological conditions, the rate of calcium influx through each channel does not change and therefore the overall rate of calcium influx is dictated by the number of calcium channels and the probability of their being open. Thus, the enhanced glomerulosa cell sensitivity to angiotensin II during dietary NaCl restriction may reflect an enhanced overall cellular rate ofcalcium influx, mediated by an increased number of calcium channels. In addition, there may be a higher probability of open channels from the increased number of angiotensin II receptors.
The mechanism responsible for modulating the response of vascular smooth muscle to a variable NaCl intake is believed to be the renin-angiotensin system under normal physiological conditions. High circulating levels ofangiotensin II, as seen during NaCl restriction, "down-regulate" or lower angiotensin II receptor number (9) . The lower number of angiotensin II receptors during NaCl restriction is associated with a blunted contractile response to angiotensin II (1) (2) (3) . The opposite occurs during a high NaCl diet (1) (2) (3) . Furthermore, studies in which the converting enzyme inhibitor, captopril, was administered during NaCl restriction suggest that the influence ofdietary NaCl intake on angiotensin II receptor number and responsiveness of vascular smooth muscle is solely mediated by the circulating angiotensin II levels and not by other factors during NaCl restriction (9) .
in the present study, the influence of dietary NaCI intake on [3H] nitrendipine binding to vascular smooth muscle was examined using three different tissues. The need to study more than just the mesenteric artery was prompted by the high nonspecific binding and low binding capacity ofthe mesenteric artery for [3H] nitrendipine. In order to derive meaningful data, eight experiments were performed on the mesenteric artery. Dietary NaCI intake failed to influence [3H] nitrendipine binding to the mesenteric artery. This observation was corroborated by similar findings in aortic and uterine tissues where the nonspecific binding was lower and B,,. higher. Thus, the observation that calcium channel number does not change in vascular smooth muscle in response to alterations in dietary NaCI intake is consistent with the thesis that angiotensin II receptor number in vascular smooth muscle may be the major limiting determinate in the response to angiotensin 1I. The events occurring at the level of the adrenal glomerulosa cell in response to changes in NaCI intake are more complex. The circulating angiotensin II level does not appear to be the sole determinant of the adrenal glomerulosa cell response to NaCI restriction, as suggested by the following observations. Chronic infusion of angiotensin II results in a subnormal aldosterone biosynthetic response when compared with the response induced by NaCl restriction (6, 36) . Anterior pituitary insufficiency is associated with a blunted aldosterone response to NaCl restriction (37) (38) (39) . The introduction ofcaptopril during NaCl restriction does not decrease the glomerulosa cell response to infused angiotensin II (3) . However, captopril administration from the onset of NaCl restriction does block the adrenal response to an NaCl deficient diet (40) . These observations suggest that angiotensin II is necessary but not sufficient for the induction of a normal response to NaCl restriction; however, it is not necessary once the response is established. Thus, another factor(s) appears to be essential for the adrenal glotnerulosa cell response to an NaCl restricted diet. The 
